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FIELD EMISSION DEVICE HAVING PREFORMED 

EMITTERS 



This invention relates generally to solid state 
field emission devices. 

15 pHn'-iniir^ ^^^^ inventiQD 

Field emission phenomena is khown. 

art vity oecurs in coniunclion with a cold cathode. The 
l^mes of the latter technology are sj*can . anO 

include rapid switching capabilities. 
25 electromagnetic pulse phenoraena, and as a primary 

mmoonent of a flat screen display. 

" ' Notwithstanding the anticipated ad»ant^es of ^ 

solid state field emission devices, a '^'"' ''"^ 
rcurrentiy faced that inhibit wide ^pr^ -PP"«^'"" 
30 of this technology. One such problem reives to ^ ^ 
unreliable manufacturablllty of such dey«»| Current 

non-planar oriented configurations for these devices 



PCr/US90/05193 



WO 91/05361 



reouire the construction/at a microscopic level, of 

cones. Oeveloping a Significant ^ 
cones through a layer by layer deposition process, .s 
"oving a significant challenge to today's -anufactunng 
5 capabHity. Planar configured devices have also been 
suggested, which devices will apparently be 
significantly easier to manufacture. Such planar 
configurations, however, will not likely be suited for 
some hoped for applications, such as flat screen 

'""''Tccordingly. a need exists for a field emission 
device that can be readily manufactured using known 
manufacturing techniques, and that yields a device 
suitable for application in a variety of uses. 
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These needs and others are substantially met 
through provision of the field emission device disclosed 
herein. A field emission device constructed m 
accordance with the invention includes a substrate 
having a plurality of preformed emittersjsposed on the 
substrate, such that at least some of the emitters 

rontact the substrate. 

Tn one embodiment of the invention, these emmers 
are retained in position and are electricaily ooupied one 
to the other by a conductive, coupiing medium, such as an 
appropriate metal. Depending upon the embodiment 
desired, the preformed emitters may be made 
substantially identical to one another, or may Be 
geometrically dissimilar. In either 9"*od,ment _ 
however, the preformed emitters include geometnc 
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discontinuities. The geometric ^'^^^"f f '^^ f,^" 
properly oriented with respect to a collector, are best 
suited to support field emission activity. 



5 p^iof pftRcr jpti^n "f the 

Fig 1 comprises a side elevational view of a 
substra e having a retaining medium disposed thereon: 

Rg T^omprises a side elevational sectioned v^ 
,0 of the structure depicted in Fig. 1 and further including 
oreformed emitters configured therewith; 
' Fig 3 comprises a side elevational sectioned^v.ew 
of an auernative embodiment constructed in accordance 

with the invention; and . ^„iu, 

,5 Fig 4 comprises a side elevational partially 

J • • <i3i enraen disolav constl-uctso in 
sectioned view of a flat screen oish i 

accordance witti the invention. 
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A field emitting device ^^''^'^^ 
With tt,e invention may have a support substrate (100) as 

depicted in Fig. 1. ™» ^'"'^'^'VTi rte^al as 
constructed of Insulating or condMCtive malenal, ar 

~;^;iate to a particular applicatiorv ^tnt^ly 
InsuKrting material, then the substra e J'^^'' 
have a plurality of conductive traces 
eminer bearing surface thereof. Th^ . 
will have a bonding agent (101) (such as metal) disposed 
hereon As depicted in Fig. 2. this Bonding agent (101) 

Sns to ph sicaily ~"P'- VP'"'^'"' °' ~f 
objects (201) to the substrate (100). Presuming the 
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bonding layer (101) ''ToZtV 
mlerons, and the objects have a length or other m^or 
d mansion of approximately 1.0 micron, some portwn of 
aTn'Lnt number of the objects (201) will remam 
exMsed Further, statistically, a significant number of 
these objects (201) will be oriented with at least 
* omeJrii discontinuity oriented in a preferred direction 
(in the embodiment depicted in Fig. 2. the preferred 

direction would be upwardly). 

SO oriented, and presuming that the objects (201) 
are comprised of an appropriate material, such as 
molybdenum or a titanium carbide substance these 
Tb ects (201) will function as emitters in the resul ,ng 
«e.d emissioi, de^ce. As an altema«ve embodiment 
the objects (201) could themselves be »™P"»«^ °' ^" 
nsulat ng material, and a thin layer (a few hundred 
angstrams) of conductive material (202) ,s disposed 
maCer to ag^n form the desired emitters. In e*er 
embodiment, the effective conductive material should 
have the appropriate desired properties (i.e., the 
m^trirshoSld'have a low electron wori< ^n^on and 
should be conductive). In addition, it is PartKularly 
usaful that the material comprising the ob.ects (201 or 
202) have crystalographically sharp edges, since these 
sha p edges are the geometric discontinuities that 
o^nWbute significantly towards facilitating the desired 

field emission activity. 

The Objects (201) may either be dispersed pursuant 
to a predetermined pattern, or substantially randomly, 
in either case, the particle disbursement should be 
sufficiently dense that, statistically, an accep^ble 
likelihood exists of a sufficient number of properly 
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oriented geometric ^^"^^'^ ^'^'^^ '° 

♦ rfasirBd field emission activity. 
"^Vl dep^yel another embodiment constructed 

,> „ n,».ariai (though in an appropriate 
insuiatmg materiaiiinoua ..j this 

embodiment, a conductor could be vs^^ a^d^ 

material when '^^^J^tJ^J^l <^^^. 

,„eady '/^^^ ^oi) within the bonding 

The density of the objects i _ 

aaent (101) will be sufficiently high *at at least 

?Te U«ts (301) ^ rV^e^'m-^^ 

contact the substrate u""; _ cnme of tKe objects 
obiecs ,301) up,^^uSc'onhe bonding 

Ml'I have a cor^^ve path to the surface of 
layer dOD ' described 

"TZ a signrioant number of the 

Tr^i wt n nted such that a gebmefric.^ 
dl— 'w«! be positioned to enhan^ an intended 

Tn«p'oTs:rof the obieots (301) as ^.PK^ 

anetc'ng'rocessmavbeu*^^.^^^^^^^ 
5 agent material from around the objects j^^^^^^^^^ 

desired area. ^-ieeion device can be 

So configured, a fieid ^^^"".^^^ abpropriate 
. Ku thA additional provision of an approH"- 
constructed by the adO't ona p ^ j^te to a 

embodLnt including the invention will now be 
described with reference to Fig. 4. 
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In this embodiment, the substrate (100) supporting 
the plurality of predefined shaped emitter objects (201) 
has a layer of Insulating material (409) formed thereon. 
Preferably, the material deposition step makes use of an 
5 appropriate mask to ensure that groups of emitter 

objects (201) in predetermined areas will be left free of 

material. . 
A conductive layer (401) is then formed atop the 

insulating layer (409). which layer functions as a gate to 

10 effectuate modulation of the resultant electron flow m 

the completed field emission device. Another insulating 

layer (402) is then deposited upon the conductive layer 

(401) with the latter structure then being coupled to a 

transparent screen (404) comprised of glass, plastic, or 

15 other suitable material. 

The screen (404) has disposed thereon an 
appropriate conductive material, such as indium-t.n- 
oxide or thin aluminum, to serve as anodes for the 
resulting field emission devices. The conductive 
20 material will preferably be disposed on the screen (404) 
in an appropriate predetermined pattern that 
corresponds to the pixels that will support the desired 
display functionality. This conductor bearing screen 
(404) then has a layer of luminescent or 
25 cathodoluminescence material (403) disposed thereon 
and presented towards the emitter objects (201). 

The screen (404) may be coupled to the structure 
described above using appropriate solder type systems, 
electrostatic bonding techniques, or other suitable 
30 coupling mechanisms. This coupling process will 
preferably occur in a vacuum, such that the resulting 
encapsulated areas (406) will be evacuated. 
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So configured, appropriate energization and 
modulation of the various emitter objects (201) w I 
result in field emission activity. This activity w.ll 
produce electrons (407) that contact the anode. This 
5 activity will in turn cause the phosphor material ^ 
corresponding to that anode to become luminescent and 
emit light (408) through the display screen (404). 
Control of the various field emission devices , 

^nslructed in this manner will result in the display of a 
10 desired pattern on the screen (404). ^ 

So configured, the field emission devices 
comprising the invention can be utilized to construct a 
narrow, flat display screen. 

What is claimed is: 
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Claims 

1 . A method of forming a field emission device, 

comprising the steps of: 

A) providing a substrate: 

B) disposing a plurality of preformed emitters 
on the substrate, such that at least some of the 
emitters contact the substrate. 
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2 The method Of Claim 1 wherein the preformed 
emitters have at least one major dimension of 
approximately 1 micron. 

3 The method of claim 1 wherein at least a plurality 
oi the preformed emitters each have at least one 
geometric discontinuity. 

4 The method of claim 1 wherein the St^^ . 
disposing includes providing a bonding agent on the^ 

r. "te. and disposing the piur^^ of preformed 
e„,itters in contact with the l»ndmg agent. 

5 The method of daim 4 wherein the prefbrmed 
,5 miners have at least one major dime^on that .s 

greater than bonding agent on the substrate. 

6. The method of claim 4 wherein the bonding agent 
includes a metal. a 
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'° 7 The method of claim 4 wherein at 'oast a part pf 
at least some of the prefom,ed emitters exte«ls out of 
the bonding agent. 

« B The method Of Claim 4 Wherein at least a part Of 
at J^J^oi the prefom^ed emitters extends out of 
tending agent, and wherein at least some of the 
parts include a geometric discontinuity. 

,„ 9 The method of claim 1 wherein the step of _ 
disoosing the plurality of preformed emitters on the 
s bS includes the step of disposing the preformed 
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emitters in a substantially random pattern on the 
substrate. 

iO The method of claim 1 wherein the step of 
disposing the plurality of preformed emitters on the 
substrate includes the step of disposing the preformed 
emitters in a substantially predetermined pattern on the 
substrate. 
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11. A method of forming a field emission device, 

comprising the steps of: 

A) providing a substrate: 

B) providing a plurality of preformed objects, such 
5 that at least some of the preformed objects contact the 

substrate, wherein at least some of the prefomied 
objects comprise emitters. 



PCT/US90/0S193 



12 



12. The method of claim 11 wherein not all of the 
preformed objects contact the substrate. 

13. The method of claim 12 wherein at least some of 
5 the preformed objects that do not contact the substrate 

contact a preformed object that does contact the 
substrate. 

14. The method of claim 11 wherein at least some of 
10 the preformed objects that comprise emitters include at 

least one geometric discontinuity. 

15. The method of claim 11 wherein at least some of 
the preformed objects are comprised of a conductive 

15 material. 

16. The method of claim 11 wherein at least some of 
the preformed objects are comprised of a non- 
conductive material. 

20 

17. The method of claim 16 and further including the 
step of providing a conductive layer over at least some 
of the preformed objects. 

25 18. The method of claim 17 wherein at least some of 
the preformed objects include at least one geometric 
discontinuity, and wherein the conductive layer 
conforms substantially in shape to the geometric 
discontinuity of at least some of the preformed objects. 

30 
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,9 The method of claim 1 or 11 and further includiog 

stIS oroperahl, coupling the 
«'een having at least one anode operable coupled 

mereto such that electron emissions from at least 
6 Tome 0. the emitters will cause emission of light from 
the display screen. 

20 The method of claim 19 wherein the step of 
! erably coupnng the emitters to a display screen 

1 0 includes providing a display screen 

substantially transparent conductor formed thereon to 

serve as the anode. 
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21 . A method of forming a field emission device. 

comprising tlie steps of: 

A) providing a conductor: 

B) disposing a plurality of preformed emitters 
on the conductor, such that at least some of the 
emitters contact the conductor. 
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22 The method of claim 21 wherein the preformed 
emitters have at least one major dimension of 
approximately 1 micron. 

5 23 The method of claim 21 wherein at least a 
pLiity of the preformed emitters each have at least 
one geometric discontinuity. 

24 The method of claim 21 wherein the step of 
10 disposing the plurality of preformed emitters on the 
conductor includes the step of disposing the preformed 
emitters in a substantially random pattern on the 

conductor. 

IS 25 -me memod of claim 21 wherein the step of ^ 
disoosing the plurality of preformed emitters on the ^ 

c^ndulr includes m step of ^"^J''^'"^^ 
Trnwers In a substantially predetermined pattern on the 

conductor. 
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